Currently, there is a strong need of high performance multi functional materials in high-rise construction. Obviously, such materials should be characterized by high strength; but for interior rooms biosafety is important as well. The promising direction to obtain both high strength and maintain biosafety in buildings and structures is to manage the structure of mineral binders by means of fungicidal nanomodifier based on zinc hydrosilicates. In the present work the aggregative stability of colloidal solutions of zinc hydrosilicates after one year of storage was studied. It has been established that the concentration of iron (III) hydroxide used to prepare the precursor of zinc hydrosilicates has a significant effect on the long-term aggregative stability: as the concentration of iron (III) hydroxide increases, the resistance of the fungicidal nanomodifier increases. It was found that, despite the minimal concentration of nano-sized zinc hydrosilicates (0.028%), the colloidal solution possesses a low long-term aggregative stability; while in the initial period (not less than 14 days) the colloidal solution of the nanomodifier is aggregatively stable. It is shown that when the ratio in the colloidal solution of the amount of the substance CH3COOH / SiO2 = 0.43 is reached, an increase in the polymerization rate is observed, which is the main cause of low aggregative stability. Colloidal solutions containing zinc hydrosilicates synthesized at a concentration of iron (III) hydroxide used to produce a precursor equal to 0.7% have a longterm aggregative stability and do not significantly change the reduced particle. Such compositions are to be expediently used for the nanomodifying of building composites in order to control their structure formation and to create conditions that impede the development of various mycelial fungi.
Introduction
Currently, one of the priority areas of scientific development is the maintenance of environmental safety, including in the premises of residential buildings and public facilities [1] . This includes both the proper utilization of building materials with the expired service life, and maintenance of favorable environmental conditions in existing buildings and facilities. It is important to ensure a safe microclimate in the premises for the preservation of human health and the specified lifetime of building materials. It is known that mold fungi are more dangerous compared to dust mites, bacteria and animal hair [2] [3] [4] [5] . The formation of colonies of mycelial fungi, mainly represented by the genera Penicillium and Aspergillius [2] [3] [4] 6] , is often observed on the surface and in the thickness of the enclosing structures or their finishing layers, which are capable of causing various diseases in humans [7, 8] , since in most are allergenic and conditionally pathogenic; also contribute to the premature destruction of the material [9, 10] due to the chemical interaction of the products of the life activity of mold fungi with the components of the building material and with the germination of the mycelium into the thickness of the material [11] [12] [13] . Of course, the presence of mold deteriorates the decorative appearance of structures and the appearance of the premises.
The solution of these problems is the creation of modifiers that allow long-term maintenance of the fungicidal properties of the material [14] [15] [16] [17] [18] [19] and be safe using [20] [21] [22] [23] . One of the fungicidal modifiers having the listed properties is a nanomodifier based on zinc hydrosilicates, which also affects the structure of mineral binders.
However, silica-containing systems, despite the advantages of their use, have features that are their ability to polymerize, and in the presence of metal cations, hetero-coagulation is possible. These processes are accompanied by the coarsening of particles. For the modifiers represented by nanoscale particles, one of the important indicators determining the possibility of its use is the preservation of its aggregative and sedimentation stability during storage. This is necessary for the uniform distribution of the nanomodifier particles in the building material, as well as for the preservation of the efficiency of nanomodification, as assessed by the change in the properties of the resulting composite. Therefore, the purpose of the study was to establish the aggregative stability of a biocidal nanomodifier based on zinc hydrosilicates with the aim of predicting the shelf life of the zinc, allowing use in the construction industry, taking into account the delivery and storage of the nanomodifier before use. The objectives of the study were: establishment of the warranty period for storage of nanomodifier on the basis of zinc hydrosilicates and studying the processes occurring during storage of a colloidal solution of zinc hydrosilicates.
Materials and methods
The synthesis technology of the nanomodifier, calculation of the concentration of the precursor of silicic acid (α) was previously described in [24] and [25] . According to [26] , the fungicidal properties of the material are possible even if the used fungicides have low concentrations that are not qualitatively determined. For nanomodifiers, in addition to the above, a requirement is made to preserve their aggregative stability during storage. The temperature regime during storage was the same for all systems (storage temperature was 20...25 °C), the compositions were not subjected to stirring, therefore, these factors have an equal effect on all the studied compositions. To estimate the storage time of the nanomodifier based on zinc hydrosilicates, the change in the reduced diameter of its particles after 1 year of storage by the laser diffraction method was studied using a Microtrac Zetatrac apparatus.
Results and Discussion
The results of studies of the change in the reduced diameter of zinc hydrosilicate particles are shown on figure 1. The analysis of figure 1 shows that the aggregate resistance of synthesized zinc hydrosilicates is influenced by the formulation. Thus, in the composition obtained with the iron (III) hydroxide sol, 0.3% concentration and the content of the precursor of silicic acid α = 0.5, a significant increase in particle size is observed -from 10.78 to 526.5 nm. In other compositions, the particle size remains in the nano-range: the particle sizes increase to 130 nm. It is known [27] that in time, depending on the conditions, both polymerization, depolymerization of silica-containing systems, and heterocoagulation are observed. To identify the processes that occur during the storage of colloidal solutions of zinc hydrosilicates, the pH of the medium has been studied (figure 2). It is evident from the data presented in figure 2 that for all compositions an increase in the pH of the solutions after storage is observed, which indicates the dominance of the polymerization processes. The most significantly increased pH for compositions synthesized using a sol of iron hydroxide (III), a concentration of 0.3% and substantially less -for the compositions made using a sol of iron hydroxide (III), a concentration of 0.7%. This is consistent with the data of [27] , indicating the growth of the pH of the system due to a decrease in the concentration of acid groups -SiOH.
E3S Web of Conferences
Also, the concentration of silica and the concentration of the electrolyte, zinc acetate used for the synthesis of zinc hydrosilicates, in particular acetate ions, have a significant effect on the state of colloidal silica-containing systems. The values of the concentration of zinc hydrosilicates in the formulations and the ratio of the amounts of CH3COOH / SiO2 are shown in tables 1 and 2. It follows from the analysis of the data of Table 1 that the concentration of zinc hydrosilicates in a colloidal solution made with the iron (III) hydroxide sol equal to 0.3% and at α = 0.5 is the minimum of those studied. In this case, the aggregative and sedimentation stability of the specified colloidal solution does not allow it to be stored for a long time. This contradicts the known data [27] on the change in the rate of polymerization of silicacontaining colloidal systems, depending on their concentration. However, the ratio of CH3COOH / SiO2 in the described composition is the maximum (table 2). According to [28] , the influence on the stability of colloidal systems of electrolytes has a contradictory character: it was shown in [27] that with an increase in the concentration of electrolyte, the intensity of its influence on the rate of polymerization of silicic acid is most pronounced in an alkaline medium, and in [29] that electrolytes, depending on the pH of the medium, can accelerate, slow down or not affect the polymerization rate. Analysis of the data presented in table 2 shows that the relative concentration of acetate ions is the highest in the composition synthesized using the iron (III) hydroxide sol, at a concentration of 0.3%, and at α = 0.5. Thus, the influence of alkaline medium (pH = 8.32), as well as a high concentration of acetate ions, lead to an increase in the rate of polymerization of zinc hydrosilicates. It is possible to increase the stability of this composition only by decreasing the mass of zinc acetate, which is impractical due to a decrease in the content of zinc, which is the carrier of fungicidal properties.
A technology has been developed for the preparation of a nanomodifier for controlling the structure formation of mineral binders and maintaining the fungicidal properties of building materials. It is shown that the guaranteed shelf life of such a modifier is at least 1 year, except the composition made using the iron (III) hydroxide sol, at a concentration of 0.3%, and at α = 0.5. The reason for the decrease in the shelf life of the zinc hydrosilicate sol using the iron (III) hydroxide sol, at a concentration of 0.3% and at a value of α = 0.5, is an increase in the rate of its polymerization due to the high concentration of electrolyte and alkaline solution medium. It has been established that during the storage of all the investigated colloidal solutions of zinc hydrosilicates, polymerization processes dominate the processes of formation of donor-acceptor bonds between zinc cations and active centers of the surface of silicic.
